In the present work, we propose a method for constructing a distributed sensor using an acoustic wave forcibly propagated in a fiber to obtain a reflected signal of higher power, as well as the possibility of changing the shape of the spectrum of the reflected signal by changing the shape of the sound wave directed along the fiber. The block diagram of the measuring system is proposed and its operation is analyzed.
INTRODUCTION
Monitoring the status of distributed objects is an important task in the field of technology, which allows preventing, predicting the development of emergency situations, damage, equipment damage, and maintaining the normal operation of objects. To control the state parameters of distributed objects, it is necessary to use systems with many point sensors of various parameters or distributed multi-point sensors.
The construction of distributed sensors of several parameters can be carried out on the basis of optical fibers using various technologies based on the analysis of the backscattering spectrum of the probe optical signal. The length of the optical cable is from several kilometers to tens. The analysis of the spectrum parameters is carried out by the power of the signals at different radiation frequencies. The analyzed signal reflected in the fiber can be based on various phenomena -Brillouin scattering, Raman radiation, reflection on fiber Bragg gratings. The work of various authors explores the possibilities and advantages of these methods and ways to improve the accuracy and information content of measurements [1] [2] [3] [4] [5] [6] [7] [8] .
Increasing the level of reflected signals can contribute to a simplification of the measurement and recording scheme, signal processing, reducing the influence of noise, and improving the quality of the useful signal.
To increase the usefulness and applicability of the sensors distributed by the sensor, one of the main characteristics is the total length over which measurements can be carried out with sufficient accuracy, as well as the possibility of localizing the measurement of parameters along the sensor length, i.e. degree of detail of measurements.
II. PRINCIPLE OF MEASUREMENTS
Measuring systems based on the analysis of the optical signal reflected in the fiber are constructed on the basis of several principles.
One way to obtain information about the state of a fiber section is to analyze the change in the Bragg wavelength reflected from the grating embedded in the fiber using ultraviolet radiation. Upon irradiation, regions with a change in the refractive index are formed in the fiber. On a periodic lattice, when a light beam is directed along the fiber, a signal is formed that propagates in the opposite direction with a peak at a frequency determined by the formula [9] :
,
where λ B is the center wavelength of the reflected light; n is the average refractive index; Λ is the period of heterogeneity.
The change in the central wavelength depends on the thermal expansion of the fiber and mechanical deformations and stresses in the fiber. where ΔT is the temperature change; ε is the applied mechanical stress; ρij are the coefficients of the elasto-optical tensor; ν is the Poisson's ratio; α is the coefficient of thermal expansion.
At present, fiber Bragg gratings with an aperiodic change in the refractive index are used [10] . In this case, the signal reflected from the grating represents a certain spectrum. By analyzing the parameters of which, it is possible to determine the changes in the temperature and strain parameters independently of each other, while when using a periodic lattice, it is necessary to compensate for the influence of one of the parameters during signal processing. Figure 1 shows the reflection spectra of periodic and aperiodic gratings.
When changing the parameters, the spectrum of the reflected signal shifts to the side of decreasing and whether the wavelength increases, for cases with an aperiodic grating, the waveform changes, and parameters such as the full width at half amplitude (FWHM) are analyzed. The studies of many authors show the dependence of changes on external parameters (temperature, mechanical stress).
Another way to measure the parameters of a fiber site is to analyze the reflectograms of the Blillouin scattering [11] . In this case, the distance to the analyzed point is determined from the time of arrival of the reflected signal, and the nature of the changes in the parameters of the object from the power of the change in signal power over time. Figure 2 shows an example of a diagram of the differences of reflectograms in the time interval. The impact on the object occurred at the point of greatest change. The reflected signal is formed when light passes through the fiber, and an acoustic wave is generated. The reflection of light at the boundary of the inhomogeneity of the refractive index formed by an acoustic wave that forms when optical radiation propagates along the fiber is carried out with a shift of the wavelength from the original one due to the Doppler effect. The wavelength shift also depends on mechanical stresses (elongation ε) in the fiber, because the length of the acoustic wave depends on them. This property is used in the analysis of the reflected signal.
The power of the reflected signal during Brillouin scattering is relatively small and to highlight useful information it is necessary to include additional elements in the instrument circuit that improve the quality of the probing signalnarrowing the frequency range of the radiation and filtering the return signal from noise and superimposed radiation (filters, amplifiers).
To reduce the shortcomings of existing methods for measuring the parameters of stretched fiber sections, it is proposed to use an additional source of acoustic vibrations to launch a radiation pulse into the fiber, the power of which will be significantly higher than from the optical signal propagating in the fiber. Accordingly, the power of the reflected optical signal increases, which allows measurements of the parameters of the backward radiation with greater accuracy and a simpler processing scheme.
The acoustic wave generated in the fiber by the emitter can have a different frequency and waveform, determined by the electrical signal supplied to the oscillator. Similarly, to fiber Bragg gratings at a constant oscillation frequency, the reflected signal will be graphs of normal distribution with a peak at one point (central wavelength), in contrast to "stationary" gratings, the central wavelength will be shifted due to the Doppler effect. In the case of aperiodic acoustic vibrations -the reflected light will have the form of an expanded spectrum, the shape of which depends on the state parameters of the fiber section. 
III. MEASURING SYSTEM
The structural diagram of the proposed device is shown in figure 3 .
1a source of laser radiation; 2optical radiation filter; 3radiation splitter; 4a source of ultrasonic waves; 5filter of the received optical radiation; 6photosensor; 7radiation analyzer; 8controller; 9optical fiber.
Fig. 3. Block diagram
The principle of operation of the device in question is as follows. The optical radiation generated by the laser 1 passes through the filter 2 to narrow the frequency range of the light flux. The radiation through the splitter 3 is fed into the optical fiber 9. Using a piezo emitter mounted on the fiber, a sound wave of a special shape is formed, which propagates along the fiber, a damper is installed at the end of the fiber to prevent the occurrence of a reflected wave. The optical signal sent to the fiber is reflected on the grating formed by the sound wave and gets back to the splitter 3, then it is sent to the optical filter 5 to extract light of the required frequency range necessary for analyzing the parameters of the fiber sections. The parameters of the optical signal are recorded by the photosensor 6, the electric signal from which is transmitted to the analyzer 7. The data from the analyzer are digitally transmitted to the controller 8, which calculates the parameters of the time-domain reflectograms, and also controls the shape and type of the sound wave sent by the generator 4, and optical filters 2 and 5. In the controller, the parameters of the reflected radiation are compared and their change in time, based on the fiber model, the analysis of changes and the calculation of the physical parameters (temperature, mechanical stress, deformation, vibrations).
The process of interaction of the acoustic and light wave inside the fiber is a collinear diffraction of light by ultrasound. Distinguish between low-frequency and high-frequency collinear diffraction. With low-frequency diffraction, diffracted light propagates in the same direction as incident light; with high-frequency diffraction, light is reflected in the opposite direction on the sound wave.
The frequency at which light reflection occurs must meet the condition.
where F is the frequency of sound, n is the refractive index, V is the speed of sound in the medium (fiber), λ is the wavelength of light.
The value of the sound wavelength for the formation of light wave reflection generally corresponds to the Bragg grating period (2) . In this case, the wavelength of the reflected light will differ from the resonant wavelength of the Bragg grating due to the Doppler effect from the moving sound wave.
A vector diagram of the interaction of light and sound waves is presented in Figure 4 .
K is the sound wave vector; ki and kd are the vectors of the light wave direct and defraged. The intensity of the defragmented beam is defined as [12] : (4) where where A is the Raman-Nath parameter proportional to the amplitude of the acoustic wave; θ ilight incidence in the scattering plane; η is the phase mismatch vector, l is the wave interaction length;
is the spatial spectrum of the incident radiation.
The intensity of the reflected light arriving at the photodetector decreases with the measurement distance due to losses in the fiber. Attenuation coefficient:
The signal attenuation in an optical fiber depends on the properties of the fiber material and the wavelength of the transmitted light radiation ( Fig. 5 ) and is taken into account when calibrating the measuring system. The signal measured by the photodetector is ranked by the degree of attenuation, depending on the distance to the measurement point, which is determined by the time the signal arrives. In this case, the ratio XIII International scientific and technical conference "Dynamics of Systems, Mechanisms and Machines" (Dynamics) 05-07 November 2019, Omsk, Russia of the power of the directed and reflected light is taken into account.
The propagation velocity of an acoustic wave in an optical fiber is about 5-6 km/s. In accordance with this, the possible measurement frequency is determined depending on the length of the measuring fiber. To perform measurements directly at the facility, preliminary calibration of the system with an unloaded optical fiber is required to determine the reflection parameters and the spectrum of the reflected signal in the initial state. After mounting the fiber on the measured object, it is possible to determine the preliminary exposure parameters, i.e. a change in the shape of the reflected signal as a result of deformations and temperature changes after installation at the facility.
IV. CONCLUSION
The advantage of the proposed scheme is the possibility of rebuilding the shape of the acoustic wave that is launched into the optical fiber, which allows you to change the operation and measurement parameters of the device, which is impossible with stationary Bragg gratings. Also, this method does not require pretreatment of the fiber to create gratings, in which sections of the fiber are cleaned from the sheath with subsequent restoration of the coating. Compared to scattering, the power of the reflected signal increases.
